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Field of the Invention 

This invention relates to the production of composite 
mouldings. 

The composite industry is commonly known as the grp (glass- 
reinforced plastics) industry, or the frp (fibre-reinforced plastics) 
industry and encompasses the production of composite mouldings 
for a large number of sectors of industrial application. These 
include the automotive, bus and truck, marine and aerospace 
industries. In these sectors, many composite moulded parts will 
have surface areas well in excess of 1 square metre. For example, 
a boat moulding could have a surface area within the range of from 
10 to 1000 square metres. 

The production of composites involves the use of two basic 
raw materials. One is a thermosetting liquid resin and the other is a 


fibre (usually a glass fibre). The traditional method of manufacture 
has involved laying the two materials in an open mould and 
consolidating them manually to the desired moulding thickness. 

As a result of ever-increasing global legislation demanding 
reduction in hazardous conditions and dust, and general 
improvements in working conditions, the open moulding of 
composite parts is on the decline in favour of closed mould 
production methods. In these, a matched pair of moulds is 
employed to create a cavity between them such that, when the two 
moulds are held in closed registration, the defined cavity faithfully 
represents the shape and thickness of the desired mould part. 

Closed mould sets vary within the industry, ranging from 
heavy duty rigid mould sets, which are designed to withstand high 
compression or resin injection pressures, to thin closed mould sets 
which are designed to be held together with the aid of vacuum 
within their cavities. 

The large surface areas of these mould sets create 
manufacturing problems, i.e. it is difficult to maintain the required 
tolerance of part thickness and shape. 

It is accordingly an object of the present invention to provide 
an improved method of making composite mouldings. It is also an 
object of the present invention to provide an improved form of 
composite closed mould production facility. 


Summary of th Inv ntion 


According to a first aspect of the present invention there is 
provided a method of making a composite moulding which 
includes:- 

providing a pair of mould elements which define a mould 
cavity, 

Introducing reinforcing fibre Into the mould cavity, 

feeding a resin mix into the mould cavity, 

providing means for sensing distortion of a mould element 
and generating an output signal when a predetermined degree of 
distortion is sensed, and 

controlling the rate at which the resin mix is introduced into 
the mould cavity in dependence on said output signal. 

According to a second aspect of the present invention there is 
provided a composite closed mould production facility which 
includes:- 

a pair of mould elements which define a mould cavity into 

which reinforcing fibre can be introduced, 

means for feeding a resin mix into the mould cavity, 

means for sensing distortion of a mould element, 

means for generating an output signal when a predetermined 

degree of distortion is sensed, and 

control means for controlling the rate at which the resin mix is 

introduced into the mould cavity in dependence on said output 

signal. 


Bri fP scription of th Drawings 


Figure 1 is a diagrammatic perspective view of an inner 
mould element fitted with a first fonn of sensor system, 

Figure 2A shows the sensor system of Figure 1 with the inner 
mould element in an undeflected condition, 

Figure 2B shows the sensor system of Figure 1 with the inner 
mould element in a deflected condition. 

Figure 3 is a diagrammatic perspective view of an inner 
mould element fitted with a second form of sensor system, 

Figure 4A shows the sensor system of Figure 3 with the inner 
mould element in an undeflected condition, and 

Figure 4B shows the sensor system of Figure 3 with the inner 
mould element in a deflected condition. 

Description of the Preferred Embodiments 

As shown in Figure 1, an inner mould element 1 has a 
moulding surface 3 which represents the inner surface half of a 
matched mould pair. For convenience, the outer mould element has 
not been shown in the drawings. It will be appreciated that the 
spacing between the inner and outer mould elements determines 
the thickness of the formed composite moulding and that the 


configurations of the inner and outer mould elements determine the 
configuration of the formed composite moulding. 

An anchor point 2 is provided on the inner surface of the inner 
mould element 1 and one end of a spring-retractable sensor lead 4 
is attached to the anchor point 2. The opposite end of the sensor 
lead 4 is anchored to a spring-loaded cylindrical drum 5. A shaft 6 
supported by bearings (not shown) provides a connected drive for 
the drum 5. A coil spring 7 is fixed to the shaft 6 and provides a 
clockwise torsion to the drum 5 so that the lead 4 is maintained in 
tension. The coil spring 7 is attached at its one end to the shaft 6 
and has its other end anchored at 8 to a chassis 15 contained 
within the inner mould element and indicated in outline in Figure 1 . 
A limit switch 14 having an armature 12 is provided with a spring- 
loaded lever and cam follower assembly 13. 

The drum 5 carries a pair of cam segments 10 and 11, and 
Figure 2A shows the situation which is obtained in the undeflected 
state of the inner mould element 1. Thus the switch 14 is positioned 
radially so that its lever 13 is compressed as a result of 
engagement with the outer surfaces of the cam segments 10 and 
11. The switch armature 12 is depressed and thus provides an 
indication that the sensor system is in a steady state, i.e. a non- 
trigger point, and that the wall of the inner mould element is in its 
^esig nedTliorhdef ormed state. The positions of the cam segments 
10 and 1 1 on the drum 5 are adjustable so as provide an adjustable 
cam profile gap. Once set in the required positions, the cam 


segments 10 and 11 are locked in position by means of a locking 
screw 9. 

Figure 2B shows the wall of the inner mould element 1 
deflected inwardly with the anchor point 2 moving in the same 
direction and by the same amount. The sensor lead 4 therefore 
retracts onto the drum 5 and allows the drum 5 to rotate clockwise 
by an extent such that a point on the circumference of the drum 5 
moves circumferentially through a distance equal to the lead 
shortening distance. The switch lever 13 moves into the gap 
between the profiles of the cam segments 10 and 11 and triggers 
switch 14. 

In use of the system described above, dry fibre in deformable 
sheet form is placed onto one surface of the mould set. The contra, 
matching mould is then placed over the first mould so as to close 
the mould cavity. The inner and outer moulds are clamped together 
with the aid of vacuum, which is sealed by peripheral mould seals. 

Mixed resin and hardener is then pressure fed into the mould 
cavity by way of a mould port or ports (not shown) strategically 
positioned in the surface of one of the mould elements. The resin 
continues to flow through the permeable mould fibre pack until the 
mould cavity is completely filled. 

Unless the resin fill of the mould cavity is velocity and 
pressure controlled within the limits of mould strength and efficient 
production, problems of accuracy of the moulded component will 


occur or there will be a reduced output rate. For example, a 
pressure or velocity set too high will deflect the mould surfaces 
apart creating poor or incomplete fill and an increase in thickness of 
the moulded component. Similarly, a pressure or velocity set too 
low will reduce production output and may result in there being too 
little time to fill the mould before the resin mixture begins to react 
and harden. 

Use of the sensor system described above thus provides a 
signal-fr^m-the mould surface to indicate the am ount_oL!Ilpu*d 
deflectionjrarnjh e desired dimensions. The signal is transmitted to 
a control box containing means for controlling the pressure and 
vel ocity of the resin being fe d to the mould cav ity. This in turn 
provides an automatic and safe optimised level of production 
control by either reducing or increasing their output levels. 

It will be appreciated that more than one sensor may be 
provided and that the different sensors will act on different positions 
of the chosen mould element, and that sensors may be arranged to 
act on both mould elements. 

The particular arrangement shown in Figures 1, 2A and 2B 
can readily be set up on any size of mould surface by appropriate 
adjustment of the initial length of the drum reel lead. The switch 14 
is designed to be adjustable radially about the axis of the drum 5 to 
allow for initial setting of the trigger point, i.e. once the drum 
chassis 15 has been fixed in position and the lead anchor point 2 
has been attached to the selected part of the mould surface, the 
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switch 14 is rotated and locked into a radial position such that a 
small shortening of the lead 4 due to inward de flection of the m ould 
1 will trigger the switch lever 13 a nd provide the controlling sign al to 
sto p or reduce the rate of resin mix floNATtoJhen nould cavit y. 

The lead 4 may have additional threaded fixed guide, low 
friction or roller eyelet points on one or more mould surfaces 
through which the lead 4 may also pass in sequence between the 
anchor point 2 and the sensor assembly. This provides multiple 
sensing of mould surface deflection and can also provide multi-axis 
sensing from one sensor element. 

The diameter of the drum 5 may be reduced in order to 
provide higher resolution. 

The switch 14 can be a simple on-off limit switch and may be 
electrical, pneumatic or electronic. It may alternatively be a friction- 
less magnetic, capacitive, light-sensitive or ultrasonic sensing type 
switch. 

The sensor can altematively be an analogue type using an 
encoder disc in place of the cam segments. Similarly, a pneumatic 
analogue signal may be achieved by a rotating disc designed to 
restrict or increase air flow. 

The resin mix flow delivery system can be so arranged that, 
when it receives a sensor signal, the flow of the resin mix is 
stopped until the mould deflection returns to a safe level. 


Alternatively, the flow output is reduced to an optimum level through 
a standard PID control loop. 

In the specific arrangement shown in Figure 1, 2A and 2B, the 
sensor system is arranged to sense deflection or distortion of the 
inner mould element 1. It will, of course be appreciated that a 
similar arrangement may be used to sense deflection or distortion 
of the outer mould element. In such case, t he mould element wi ll 
d eflect outwardly to increase the j ength-Qf-4he-sensojUgad. This 
provides a readily available movement from which the necessary 
sensor actuation can be derived. 

Tuming next to Figures 3, 4A and 4B, these show an inner 
mould element 21 having a moulding surface 23 which represents 
the inner surface half of a matched mould pair. 

A spring-loaded telescopic shaft comprising a pole 24 and a 
slotted outer tube 26 extend between a pair of anchor points 22 on 
the inner mould element 21. A spring 28 acts between the free end 
of the pole 24 and an adjustable locking collar 27 carried by the 
slotted outer tube so that the spring-loaded telescopic shaft 24/26 is 
maintained in tension between the two anchor points 22. 

The length of the telescopic shaft 24/26 is adjusted so that it 
fits between the two inner mould walls, as shown in the drawings, 
and the locking collar 27 is so positioned that a small degree of 
positive spring lengthening tension is provided. The locking collar 
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27 includes a part which projects through the slot in the tube 26 to 
provide a reaction surface for the spring 28. 

A cam 25 is mounted on the pole 24 and can be set in a 
desired adjusted position along the length of the pole 24. A switch 
29 is mounted on the outer end of the slotted tube 26. The switch 
29 has an output lead 30 and a lever 31 positioned for engagement 
with the cam 25. 

In operation, once the spring-loaded telescopic shaft 24/26 
has been fitted between the opposing mould walls, the position of 
the cam 25 is adjusted so that it is in close proximity to the end of 
the lever 31 of switch 29. The cam 25 is then locked in position and 
the condition shown in Figure 4A is obtained. 

The resin mix is then introduced into the mould cavity and a 
composite moulding is produced as described above. Figure 4B 
illustrates the result of inwar d deflection of the mould walls . The 
inward distortion of the mould walls shortens the spring-loaded 
telescopic shaft 24/26 by compressingthe spring 28. As the 
shortening action progresses, the cam 25 moves towards and 
actuates the switch lever 31 to generate a signal to indicate that a 
predetermined degree of mould distortion has been detected. The 
control system then responds to this signal as described above. 

Again, any type of linear switching device can be used to 
provide the output signal in either a digital or an analogue format, 
i.e. the signal which is generated may depend on the degree of 
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distortion of the mould walls. The arrangement may thus be such 
that a reading can be obtained indicative of the amount of mould 
wall distortion which has been produced during feeding of the resin 
mix into the mould cavity. 


